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OPTICAL SCANNING APPARATUS , MULTI-BEAM OPTICAL SCANNING 
APPARATUS, AND IMAGE -FORMING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to optical scanning 
apparatus and multi-beam optical scanning apparatus 
and, particularly, the invention is suitably applicable 
to image-forming apparatus, for example, such as laser 
beam printers involving the electrophotographic 
process, digital copiers, and the like, constructed so 
as to record image information by reflectively 
deflecting light from light source means by deflecting 
means to optically scan a surface to be scanned, via 
scanning optical means with the light. 
Related Background Art 

In the optical scanning apparatus such as the 
laser beam printers, the digital copiers, etc. 
heretofore, the image information was recorded in such 
a manner that the light optically modulated according 
to an image signal and outputted from the light source 
means was periodically deflected by the deflecting 
means, for example, consisting of a polygon mirror and 
was converged in a spot shape on a surface of a 
photosensitive recording medium by the scanning optical 
means with the fe characteristics to optically scan the 
surface. 



Fig. 13 is a schematic diagram to show the 
principal part of a conventional, optical scanning 
apparatus. In the same figure a diverging beam emitted 
from the light source means 91 is converted into a 
5 nearly parallel beam by a collimator lens 92 and the 

nearly parallel beam is restricted in the beam width by 
a stop 93 to enter a cylindrical lens 94 having a 
predetermined power only in the sub- scanning direction. 
The nearly parallel beam entering the cylindrical lens 

10 94 emerges in the state of the nearly parallel beam in 
the main scanning section as it is. In the sub- 
scanning section the beam is converged to be focused 
into an almost linear image on a deflection facet 
(reflective surface) 95a of an optical deflector 95 

15 consisting of a polygon mirror. Then the scanning 
optical means ( f 9 lens system) 96 with the fG 
characteristics guides the beam reflectively deflected 
by the deflection facet 95a of the optical deflector 
95, via a return mirror 98 to a surface of 

20 photosensitive drum 97 as a surface to be scanned. The 
optical deflector 95 is rotated at nearly equal angular 
velocity, whereby the beam scans the surface to be 
scanned 97 at almost constant speed to record the image 
information thereon. 

25 For compactifying the apparatus from the optical 

deflector 95 to the surface to be scanned 97 herein, it 
is necessary to effect good correction for optical 
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performance of the fe lens 96 throughout wide angles of 
view. For example, Japanese Patent Application Laid- 
Open No. 7-113950 discloses an example of correction 
for curvature of field (image positions) in the sub- 
5 scanning direction and at wide angles of view by 

provision of only one surface wherein curvatures in the 
sagittal direction vary on an asymmetric basis with 
respect to the optical axis and wherein magnitude 
relations of curvatures in the sagittal direction are 

10 different between on the upper and lower sides of the 
optical axis. 

There was, however, the problem that nonunif ormity 
of lateral magnification (which will also be referred 
to hereinafter as "sub-scanning magnification") in the 

15 sub-scanning direction appeared prominent at wide 

angles of view and even if the image positions in the 
sub-scanning direction were corrected the spot size 
would vary in proportion to sub-scanning magnifications 
at respective scanning positions. Further, in the case 

20 of the optical scanning apparatus using multiple beams, 
they suffered the problem that with deviation of the 
sub-scanning magnifications from a fixed value, line 
pitch intervals in the sub-scanning direction varied at 
every scanning position on the surface to be scanned, 

25 during the optical scanning of the surface to be 

scanned with the plurality of beams, so as to result in 
irregular pitch. 
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The scanning optical means needs to be located 
near the optical deflector in order to decrease the 
cost by decreasing the size of the lens. However, 
there was the problem that it increased the sub- 
scanning magnification and the asymmetry of the image 
positions in the sub-scanning direction and the 
asymmetry of the sub-scanning magnifications appeared 
more prominent . 

An object of the present invention is to provide a 
compact, high-definition, optical scanning apparatus 
with wide angles of view capable of effecting good 
correction for curvature of field (image positions) in 
the sub-scanning direction and correction to keep the 
sub-scanning magnification at a fixed value, by 
constructing the scanning optical means of a plurality 
of sagittal asymmetric change surfaces and properly 
setting the shape of each lens. 

Another object of the present invention is to 
provide a compact, high-definition, multi-beam optical 
scanning apparatus with wide angles of view capable of 
keeping line pitch intervals in the sub-scanning 
direction constant throughout the entire, effective 
scanning area, by constructing the scanning optical 
means of a plurality of sagittal asymmetric change 
surfaces and properly setting the shape of each lens. 



SUMMARY OF THE INVENTION 
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A scanning optical apparatus according to one 
aspect of the invention is an optical scanning 
apparatus comprising entrance optical means for guiding 
light emitted from light source means, to deflecting 
5 means, and scanning optical means for focusing the 

light reflectively deflected by the deflecting means, 
on a surface to be scanned, 

wherein the scanning optical means comprises a 
plurality of sagittal asymmetric change surfaces in 
10 which curvatures in the sagittal direction change on an 
asymmetric basis in the meridional direction with 
respect to the optical axis of the scanning optical 
means . 

In the optical scanning apparatus according to 
15 another aspect of the invention, said sagittal 
asymmetric change surfaces comprise two or more 
sagittal modification surfaces in which magnitude 
relation differs among curvatures in the sagittal 
direction at respective positions in the meridional 
20 direction with respect to the optical axis. 

In the optical scanning apparatus according to 
another aspect of the invention, said sagittal 
deformation surfaces comprise two or more surfaces in 
which the curvatures in the sagittal direction at the 
25 respective positions in the meridional direction with 
respect to the optical axis become large or small on 
the same side . 
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In the optical scanning apparatus according to 
another aspect of the invention, in at least one 
surface of said sagittal deformation surfaces the 
curvatures in the sagittal direction become large on 
5 the side of said light source means with respect to the 
optical axis. 

In the optical scanning apparatus according to 
another aspect of the invention, in at least one 
surface of said sagittal asymmetric change surfaces the 

10 curvatures in the sagittal direction have an inflection 
point only on one side in the meridional direction with 
respect to the optical axis. 

In the optical scanning apparatus according to 
another aspect of the invention, said scanning optical 

15 means comprises a plurality of fe lenses, an f9 lens 
located closest to the deflecting means out of said 
plurality of f9 lenses has a negative, refractive power 
in the sub-scanning direction, and an f9 lens located 
closest to the surface to be scanned has a positive, 

20 refractive power in the sub-scanning direction. 

In the optical scanning apparatus according to 
another aspect of the invention, all lens surfaces of 
said plurality of f9 lenses are formed in a concave 
shape opposed to said deflecting means. 

25 In the optical scanning apparatus according to 

another aspect of the invention, the following 
condition is satisfied: 
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k/W < 0.6 

where k is an f9 coefficient of said scanning 
optical means and W an effective scanning width on said 
surface to be scanned. 
5 In the optical scanning apparatus according to 

another aspect of the invention, the following 
condition is satisfied: 
I P.I ^2 

where p s is a lateral magnification in the sub- 

10 scanning direction of said scanning optical means . 

A multi-beam optical scanning apparatus according 
to a further aspect of the invention is a multi-beam 
optical scanning apparatus comprising light source 
means having a plurality of light-emitting regions, 

15 entrance optical means for guiding a plurality of beams 
emitted from the light source means, to deflecting 
means, and scanning optical means for focusing the 
plurality of beams reflectively deflected by the 
deflecting means, on a surface to be scanned, 

20 wherein said scanning optical means comprises a 

plurality of sagittal asymmetric change surfaces in 
which curvatures in the sagittal direction change on an 
asymmetric basis in the meridional direction with 
respect to the optical axis of the scanning optical 

25 means. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, said 
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sagittal asymmetric change surfaces comprise two or 
more sagittal modification surfaces in which magnitude 
relation differs among curvatures in the sagittal 
direction at respective positions in the meridional 
5 direction with respect to the optical axis. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, said 
sagittal deformation surfaces comprise two or more 
surfaces in which the curvatures in the sagittal 
10 direction at the respective positions in the meridional 
direction with respect to the optical axis become large 
or small on the same side. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, in at 
15 least one surface of said sagittal deformation surfaces 
the curvatures in the sagittal direction become large 
on the side of said light source means with respect to 
the optical axis. 

In the multi-beam optical scanning apparatus 
20 according to another aspect of the invention, in at 
least one surface of said sagittal asymmetric change 
surfaces the curvatures in the sagittal direction have 
an inflection point only on one side in the meridional 
direction with respect to the optical axis. 
25 In the multi-beam optical scanning apparatus 

according to another aspect of the invention, said 
scanning optical means comprises a plurality of f0 
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lenses, an f6 lens located closest to the deflecting 
means out of said plurality of fe lenses has a 
negative, refractive power in the sub- scanning 
direction, and an fe lens located closest to the 
5 surface to be scanned has a positive, refractive power 
in the sub- scanning direction. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, all lens 
surfaces of said plurality of fe lenses are formed in a 
10 concave shape opposed to said deflecting means. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, the 
following condition is satisfied: 
k/W < 0.6 

15 where k is an fe coefficient of said scanning 

optical means and W an effective scanning width on said 
surface to be scanned. 

In the multi-beam optical scanning apparatus 
according to another aspect of the invention, the 
20 following condition is satisfied: 
I P.I ^2 

where p s is a lateral magnification in the sub- 
scanning direction of said scanning optical means. 

An image- forming apparatus according to a further 
25 aspect of the invention is an image-forming apparatus 

comprising the scanning optical apparatus as set forth, 
a photosensitive body located at said surface to be 
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scanned, a developing unit; for developing an 
electrostatic, latent image formed on said 
photosensitive body with the light under scan by said 
scanning optical apparatus, into a toner image, a 
5 transfer unit for transferring said developed toner 
image onto a transfer medium, and a fixing unit for 
fixing the transferred toner image on the transfer 
medium. 

Another image- forming apparatus according to a 
10 further aspect of the present invention is an image- 
forming apparatus comprising the scanning optical 
apparatus as set forth, and a printer controller for 
converting code data supplied from an external device, 
into an image signal and supplying the image signal to 
15 said scanning optical apparatus. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view along the main 
scanning direction of the optical scanning apparatus in 
20 Embodiment 1 of the present invention; 

Fig. 2 is a cross-sectional view along the sub- 
scanning direction of the optical scanning apparatus in 
Embodiment 1 of the present invention; 

Fig. 3 is a diagram to show change in curvatures 
25 in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 1 of the present 
invention; 
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Fig. 4 is a diagram to show change in curvatures 
in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 1 of the present 
invention; 

Fig. 5 is an aberration diagram of the scanning 
optical means in Embodiment 1 of the present invention; 

Fig. 6 is an aberration diagram of the scanning 
optical means in Embodiment 1 of the present invention, 
and a comparative example; 

Fig. 7 is a diagram to show change in curvatures 
in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 2 of the present 
invention; 

Fig. 8 is a diagram to show change in curvatures 
in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 2 of the present 
invention; 

Fig. 9 is an aberration diagram of the scanning 
optical means in Embodiment 2 of the present invention; 

Fig. 10 is a diagram to show change in curvatures 
in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 3 of the present 
invention; 

Fig. 11 is a diagram to show change in curvatures 
in the sagittal direction in each of surfaces of the 
scanning optical means in Embodiment 3 of the present 
invention; 
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Fig. 12 is an aberration diagram of the scanning 
optical means in Embodiment 3 of the present invention; 

Fig. 13 is a schematic diagram of principal part 
to show a conventional, optical scanning apparatus; and 
5 Fig. 14 is a schematic diagram of an image- forming 

apparatus of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment 1] 

10 Fig. 1 is a cross-sectional view of the principal 

part along the main scanning direction ( a main scanning 
section) of the optical scanning apparatus in 
Embodiment 1 of the present invention and Fig. 2 is a 
cross-sectional view of the principal part along the 

15 sub-scanning direction (a sub-scanning section) of Fig. 
1. 

In the present specification the main scanning 
direction (meridional direction) is defined along the 
direction into which the light is reflectively 

20 deflected (or deflected to scan) by the deflecting 
means, and the sub-scanning direction (sagittal 
direction) along the direction perpendicular to the 
optical axis of the scanning optical means and to the 
main scanning direction. 

25 In the figures, numeral 1 designates a light 

source means, which is comprised, for example, of a 
semiconductor laser. Numeral 2 denotes a collimator 
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lens (condenser lens), which converts a diverging beam 
(light beam) emitted from the light source means 1 into 
a nearly parallel beam. Numeral 3 represents an 
aperture stop, which limits passing light (amount of 
5 light). Numeral 4 indicates a cylindrical lens 

( anamorphic lens ) , which has a predetermined power only 
in the sub- scanning direction and which focuses the 
beam having passed the aperture stop 3 in an almost 
linear image on a deflection facet (reflective surface) 

10 5a of an optical deflector 5 described hereinafter, in 
the sub- scanning section. Each of the elements 
including the collimator lens 2, the aperture stop 3, 
the cylindrical lens 4, and so on constitutes an 
element of entrance optical means 11. 

15 Numeral 5 denotes the optical deflector as the 

deflecting means, which is comprised, for example, of a 
polygon mirror (rotary polygon mirror) and which is 
rotated at a fixed speed in the direction of arrow A in 
the drawing by a driving means such as a motor or the 

20 like (not illustrated). 

Numeral 6 denotes the scanning optical means 
having the converging function and the f9 
characteristics, which has first and second f9 lenses 
(scanning lenses) 6a, 6b of the shape described 

25 hereinafter, which focuses the beam based on the image 
information, which was reflectively deflected by the 
optical deflector 5, on a photosensitive drum surface 7 
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as a surface to be scanned, and which has an 
inclination correcting function by keeping the 
deflection facet 5a of the optical deflector 5 in 
conjugate with the surface to be scanned 7 in the sub- 
5 scanning section. In the scanning optical means 6 the 
first f9 lens 6a on the side of optical deflector 5 has 
a negative, refractive power in the sub- scanning 
direction and the second fe lens 6b on the side of the 
surface to be scanned 7 has a positive, refractive 
10 power in the sub-scanning direction. 

Numeral 7 represents a surface of a photosensitive 
drum (a surface of an image carrier) as a surface to be 
scanned . 

In the present embodiment the diverging beam 
15 emitted from the semiconductor laser 1 is converted 
into a nearly parallel beam by the collimator lens 2 
and the beam (amount of light) is limited by the 
aperture stop 3 to enter the cylindrical lens 4. The 
nearly parallel beam entering the cylindrical lens 4 
20 emerges in the as-entering state in the main scanning 
section. In the sub- scanning section the beam is 
converged to be focused as an almost linear image (a 
linear image longitudinal in the main scanning 
direction) on the deflection facet 5a of the optical 
25 deflector 5. Then the beam reflectively deflected by 
the deflection facet 5a of the optical deflector 5 
travels through the first fe lens 6a and the second fe 
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lens 6b to be focused in a spot shape on the surface of 
the photosensitive drum 7. The optical deflector 5 is 
rotated in the direction of arrow A, whereby the beam 
optically scans the surface of the photosensitive drum 
5 7 at an equal speed in the direction of arrow B ( in the 
main scanning direction). This causes an image to be 
recorded on the photosensitive drum surface 7 as a 
recording medium. 

The optical layout of the scanning optical means 6 

10 and aspherical coefficients of the first and second f0 
lenses 6a, 6b in the present embodiment are presented 
in Table 1 and Table 2, respectively. Fig. 3 and Fig. 
4 are drawings to show how curvatures in the sagittal 
direction vary in each of surfaces of the first and 

15 second f9 lenses 6a, 6b, respectively, in the present 
embodiment . 
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Table 1 



LAYOUT OF OPTICAL SCANNING APPARATUS 


f9 COEFFICIENT (mm/rad) 


f9 COEFFICIENT | k | 109 


WAVELENGTH, REFRACTIVE INDEX 


WAVELENGTH USED 


X. (nm) 


780 


f9 LENS 6a REFRACTIVE INDEX 


Nl 


1.5242 


f9 LENS 6b REFRACTIVE INDEX 


N2 


1.5242 


PLACEMENT OF IMAGING OPTICAL SYSTEM (mm) 


REFLECTIVE SURFACE OF POLYGON 
MIRROR 5a - LENS 6a INCIDENCE 
SURFACE 6ai 


dl 


10.50 


LENS 6a INCIDENCE SURFACE 6ai - 
LENS 6a EXIT SURFACE 6ao 


d2 


7.05 


LENS 6a EXIT SURFACE 6ao - LENS 
6b INCIDENCE SURFACE 6bi 


d3 


6.45 


LENS 6b INCIDENCE SURFACE 6bi - 
LENS 6b EXIT SURFACE 6bo 


d4 


7.55 


LENS 6b EXIT SURFACE 6bo - 
SURFACE TO BE SCANNED 7 


d5 


102.45 




EFFECTIVE SCAN WIDTH (mm) 


W 


214 


k/W 


k/W 


0.51 






SUB-SCANNING MAGNIFICATION 


0S 


3.3 
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:al shape 


EXIT 

SURFACE 

6bo 


ON THE 
LIGHT 

SOURCE SIDE 


-1.26284E+01 


1.44964E-03 




2.44849E-09 


-1.26980E-12 


8.8659SE-17 


O.OOOOOE+00 


ON THE 
OTHER SIDE 


-1.26284E+01 


S 
2 
I 


-2.17689E-06 


2.44849E-09 


-1.26980E-12 


8 86595E-17 


O.OOOOOE+00 | 




E 
I 


INCIDENCE 
SURFACE 6bi 


ON THE 
LIGHT 

SOURCE SIDE 


7.18760E+01 


-1.19364E-03 


1 96871E-06 


3 


1 


1.42201E-16 


O.OOOOOE+00 


ON THE 
OTHER SIDE 


7.18760E+01 


1 


-1 20370E-05 


S 
tk 
Si 
B 


■I 


1 


O.OOOOOE+OO j 














a 


S 


s 




3 






s 


s 


a 


S 








'AL SHAPE 


EXIT 
SURFACE 


ON THE 
LIGHT 

SOURCE SIDE 


-2.32587E+01 


1 -1.48301E-03 


i 

1 


4.91740E-09 




-1.90462E-15 1 


O.OOOOOE+OO 


ON THE 
OTHER SIDE 


-2.32S87E+01 


8 


3.13732E-05 1 


-4.91023E-08 1 




-4.27397E-16 1 


O.OOOOOE+00 | 


NG APPARATUS 


E 

1 

1 

2 


INCIDENCE 
SURFACE 6ai 


ON THE 
LIGHT 

SOURCE SIDE 


1 -l.OOOOOE+01 


8 
& 
8 
8 


1 O.OOOOOE+00 1 


| oo+aoooooo j 


| 0.00000E+00 | 


8 

8 
§ 


O.OOOOOE+00 | 


ON THE 
OTHER SIDE 


-l.OOOOOE+01 1 


O.OOOOOE+00 | 


O.OOOOOE+OO 1 


8 
| 


O.OOOOOE+00 1 


O.OOOOOE+00 | 


8 

8 
| 














a 


s 


s 


5 


s 






a 


s 


s 








OUT OP OPTICAL 


i 


EXIT 

SURFACE 

6bo 


ON THE 
UGHT 

SOURCE SIDE 




| -1.39708E-01 


| -2.14482E-05 




1 


| 2.06855E-14 | 


1 


ON THE 
OTHER SIDE 


7.96757E+01 | 


-1.39708E-01 | 


1 
I 


s 


-2.94646E-11 | 


1 


1 


3 


1 


INCIDENCE 
SURFACE 6bi 


ON THE 
UGHT 

SOURCE SIDE 


| 8.14379E+01 


| -6.69965E+00 


1 


| 1.26772E-08 






| oo+aooooo'o 


ON THE 
OTHER SIDE 


8.14379E+01 | 


8 

S 

1 


i 


1.64210E-08 | 


-4.36204E-12 | 


-2.17220E-15 | 


O.OOOOOE+OO | 




e 










a 




3 












a 


s 


3 








)NAL SHAPE 


EXIT 

SURFACE 6ao 


ON THE 
UGHT 

SOURCE SIDE 


-2.16472E+01 


1 -1.20217E+00 


1.57451E-05 


1 3.57693E-08 


-1.12626E-10 


O.OOOOOE+OO 


O.000O0E+00 


ON THE 
OTHER SIDE 


-2.16472E+01 1 


8 

1 


1.49085E-05 


4.08194E-08 j 


-1.20672E-10 j 


O.OOOOOE+OO 


O.OOOOOE+00 j 




5 

I 


INCIDENCE 
SURFACE 6ai 


ON THE 
LIGHT 

SOURCE SIDE 


-3.02877E+01 


-2.S2957E+00 


1 
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In the present embodiment each of meridional lens 
shapes of the first and second f6 lenses 6a, 6b is 
comprised of an aspherical shape that can be expressed 
as a function up to degree 12. For example, let us 
define the origin at an intersection between the 
optical axis and the first or second fe lens 6a, 6b, 
take the X-axis along the direction of the optical 
axis, and take the Y-axis along an axis perpendicular 
to the optical axis in the main scanning section. Then 
the shapes in the meridional direction corresponding to 
the main scanning direction are expressed by the 
following equation. 

X = (Y 2 /R)/[l + {1 - {1 + kHY/R) 2 } 1 ' 2 ] + B4 x Y 4 + 
B6 x Y 6 + B8 x Y 8 + BIO x Y 10 + B12 x Y 12 
(where R is a radius of curvature in the meridional 
direction and on the optical axis, and k, B4, B6, B8, 
BIO, and B12 are the aspherical coefficients) 

Sagittal lines of each lens surface continuously 
change their radii of curvatures with change in 
coordinates on the lens surface in the main scanning 
direction. The radius R s * of the curvature of the 
sagittal line at the position where the coordinate is Y 
in the main scanning direction, is expressed by the 
following equation. 

R s * = R s x ( 1 + D2 x Y 2 + D4 x Y 4 + D6 x Y 6 + D8 x Y 8 
+ D10 x Y 10 ) 

(where R s is the radius of the curvature in the sagittal 
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direction and on the optical axis, and D2, D4, D6, D8, 
and D10 are coefficients) 

In the present embodiment the first f9 lens 6a is 
a positive meniscus lens with a concave surface opposed 
to the polygon mirror 5 in the main scanning section 
and a negative meniscus lens with a concave surface 
opposed to the polygon mirror 5 in the sub- scanning 
section. 

The second f9 lens 6b is a positive meniscus lens 
with a convex surface opposed to the polygon mirror 5 
in the main scanning section and a double- convex lens 
with a convex surface opposed to the polygon mirror 5 
and the other convex surface to the surface to be 
scanned 7 in the sub-scanning section. 

In the incidence surface 6ai of the first f9 lens 
6a, the surfaces in the main scanning and sub-scanning 
directions both are symmetric in the main scanning 
direction with respect to the optical axis, and the 
surface consists of a surface of a constant curvature 
in the sagittal direction (hereinafter also referred to 
as "sagittal curvature") normal to the meridional line 
in the main scanning section. 

In the exit surface 6ao of the first f9 lens 6a, 
the surface in the main scanning direction is 
asymmetric with respect to the optical axis, and the 
surface in the sub-scanning direction consists of a 
sagittal asymmetric change surface in which curvatures 
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in the sagittal direction change on an asymmetric basis 
in the main scanning direction with respect to the 
optical axis. 

in the incidence surface 6bi of the second fe lens 
6b, the surface in the main scanning direction is 
asymmetric with respect to the optical axis, and the 
surface in the sub- scanning direction consists of a 
sagittal asymmetric change surface in which curvatures 
in the sagittal direction change on an asymmetric basis 
in the main scanning direction with respect to the 
optical axis. 

In the exit surface 6bo of the second f9 lens 6b, 
the surface in the main scanning direction is 
asymmetric with respect to the optical axis, and the 
surface in the sub-scanning direction consists of a 
surface in which curvatures in the sagittal direction 
increase on a symmetric basis in the main scanning 
direction on either side of the optical axis. 

Fig. 5 is an aberration diagram to show the 
curvature of field in the sub-scanning direction and 
ratios of sub-scanning magnifications of the optical 
scanning apparatus in the present embodiment. Fig. 6 
is a diagram to show the curvature of field in the sub- 
scanning direction and ratios of sub-scanning 
magnifications in the present embodiment (solid lines) 
and a comparative example (dashed lines) wherein 
curvatures in the sagittal direction on the anti -source 
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side (i.e., on the other side than the side of the 
light source means 1 with respect to the optical axis 
of the scanning optical means 6 ) are equal to those on 
the light source side (i.e., on the same side as the 
light source means 1 with respect to the optical axis 
of the scanning optical means 6) so that the curvatures 
in the sagittal direction of the scanning optical means 
6 in the present embodiment are symmetric in the main 
scanning direction with respect to the optical axis in 
all the four surfaces. 

It is seen from Fig. 5 and Fig. 6 that the 
curvature of field in the sub-scanning direction and 
the asymmetry of sub- scanning magnifications are 
corrected well in the present embodiment. 

In the present embodiment, where the fe 
coefficient of the scanning optical means 6 is k and 
the effective scanning width on the surface to be 
scanned 7 is W, the following condition is satisfied: 

k/W < 0.6. 

When the lateral magnification in the sub- scanning 
direction of the scanning optical means 6 is p s , the 
following condition is satisfied: 

IPsI £ 2. 

In the present embodiment the fe coefficient of 
the scanning optical means 6 is set to k = 109 
(mm/rad), the effective scanning width on the surface 
to be scanned 7 to W = 214 mm, the angles of view to 
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the wide angles of view over ±56°, and the sub-scanning 
magnification to | |3 S | = 3.3. 

In general, in the optical scanning apparatus, 
when the light emitted from the light source means is 
reflectively deflected at the deflection facet of the 
polygon mirror, the position of reflection varies 
depending upon angles of view and deviation of the 
reflection position is asymmetric with respect to the 
optical axis of the scanning optical means. This makes 
the image positions asymmetric in the main scanning and 
sub-scanning directions and also makes the sub-scanning 
magnifications asymmetric. In the case wherein the 
angles of view are the wide angles of view over ±47° 
and the sub-scanning magnifications ( | p s J > 2) are high 
as in the present embodiment, the asymmetry of the sub- 
scanning magnifications and the curvature of field 
(image positions) in the sub-scanning direction appears 
more prominent. 

In the present embodiment the scanning optical 
means 6 is thus constructed of the combination of the 
surfaces wherein the curvatures in the sagittal 
direction change on an asymmetric basis as described 
above, whereby the asymmetry of the sub- scanning 
magnifications and the curvature of field (image 
positions) in the sub-scanning direction can be 
corrected well even in the case of the wide angles of 
view and the high sub-scanning magnifications. This 
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permits the spot size in the sub- scanning direction to 
be kept constant at all the scanning positions in the 
effective scanning area on the surface to be scanned. 

In the present embodiment, as described above, the 
scanning optical means 6 is thus constructed of the 
plurality of sagittal asymmetric change surfaces and 
the shape of each lens is properly set, whereby the 
curvature of field is corrected well in the sub- 
scanning direction while the image magnifications in 
the sub-scanning direction are corrected into a 
constant value, so as to make the spot size uniform in 
the sub- scanning direction. 

In the present embodiment the scanning optical 
means 6 was constructed of the two f9 lenses 6a, 6b, 
but the present invention is not limited to this 
example; for example, the present invention can also be 
applied to configurations in which the scanning optical 
means 6 is composed of one f9 lens or of three or more 
fe lenses, similarly as in above Embodiment 1. 
[ Embodiment 2 ] 

Described next is the multi-beam optical scanning 
apparatus in Embodiment 2 of the present invention. 

The present embodiment is different from above 
Embodiment 1 in that the light source means 1 is 
comprised of a multi-beam semiconductor laser 
consisting of two light-emitting regions and in that 
degrees of change are different for the curvatures in 
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the sagittal direction in the surfaces of the first and 
second f9 lenses 6a, 6b constituting the scanning 
optical means 6. The other structure and optical 
action are substantially the same as in Embodiment 1, 
thereby achieving like effect. 

The optical layout of the scanning optical means 6 
and the aspherical coefficients of the first and second 
f9 lenses 6a, 6b in the present embodiment are 
presented in Table 3 and Table 4, respectively. Fig. 7 
and Fig. 8 are diagrams to show how the curvatures in 
the sagittal direction change in each of the surfaces 
of the first and second f9 lenses 6a, 6b, respectively, 
in the present embodiment. 
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Table 3 



LAYOUT OF OPTICAL SCANNING APPARATUS 



f9 COEFFICIENT (mm/rad) 



f9 COEFFICIENT 


k 
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WAVELENGTH, REFRACTIVE INDEX 


WAVELENGTH USED 
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N2 
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PLACEMENT OF IMAGING OPTICAL SYSTEM (mm) 
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MIRROR 5a - LENS 6a INCIDENCE 
SURFACE 6ai 
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LENS 6a EXIT SURFACE 6ao 
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6b INCIDENCE SURFACE 6bi 
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In the present embodiment, in the incidence 
surface 6ai of the first f9 lens 6a, the surface in the 
sub-scanning direction consists of a sagittal 
asymmetric change surface in which curvatures in the 
sagittal direction change on an asymmetric basis in the 
main scanning direction with respect to the optical 
axis. Further, the magnitude relation among the 
curvatures in the sagittal direction is as follows. 

curvatures on the light source side > curvature on 
the optical axis = curvatures on the anti-source side 

Therefore, the surface is also a sagittal 
deformation surface in which the magnitude relation 
differs among the curvatures in the sagittal direction 
at respective positions in the main scanning direction 
with respect to the optical axis. 

In the exit surface 6ao of the first fG lens 6a, 
the surface in the sub-scanning direction consists of a 
sagittal asymmetric change surface in which the 
curvatures in the sagittal direction change on an 
asymmetric basis in the main scanning direction with 
respect to the optical axis. 

Further, the magnitude relation among the 
curvatures in the sagittal direction is as follows. 

curvatures on the light source side > curvature on 
the optical axis > curvatures on the anti-source side. 

Thus, the surface is also a sagittal deformation 
surface in which the magnitude relation differs among 
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the curvatures in the sagittal direction at respective 
positions in the main scanning direction with respect 
to the optical axis. 

In the incidence surface 6bi of the second f9 lens 
5 6b, the surface in the sub-scanning direction consists 
of a sagittal asymmetric change surface in which the 
curvatures in the sagittal direction change on an 
asymmetric basis in the main scanning direction with 
respect to the optical axis and is also a sagittal 

10 deformation surface in which the curvatures in the 
sagittal direction increase with distance from the 
optical axis up to an inflection point at a middle 
point and then gradually decrease on the side of light 
source means 1 with respect to the optical axis while 

15 the curvatures gradually decrease with distance from 
the optical axis on the other side than the side of 
light source means 1 (see Fig. 8). 

In the exit surface 6bo of the second f9 lens 6b, 
the surface in the sub-scanning direction consists of a 

20 surface in which the curvatures in the sagittal 

direction increase on a symmetric basis in the main 
scanning direction on either side of the optical axis. 

Fig. 9 is an aberration diagram to show the 
curvature of field in the sub-scanning direction and 

25 ratios of sub-scanning magnifications of the optical 
scanning apparatus in the present embodiment. 

In the present embodiment the curvatures in the 
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sagittal direction are largely changed in the incidence 
surface 6ai and the exit surface 6ao of the first fe 
lens 6a and the incidence surface 6bi of the second fe 
lens 6b, whereby better correction can be made for the 
5 curvature of field in the sub-scanning direction and 
the ratios of sub-scanning magnifications. 

Specifically, the position of the principal plane 
is largely moved by making the curvatures in the 
sagittal direction on the side of the light source 

10 means 1 in the incidence surface 6ai and the exit 

surface 6ao of the first f9 lens 6a and the incidence 
surface 6bi of the second f9 lens 6b all larger than 
the corresponding curvature in the sagittal direction 
on the optical axis and making the curvatures in the 

15 sagittal direction on the anti-source side in the exit 
surface 6ao of the first fe lens 6a and the incidence 
surface 6bi of the second fe lens 6b both smaller than 
the corresponding curvature in the sagittal direction 
on the optical axis, whereby correction is made to make 

20 the curvature of field in the sub-scanning direction 
and the sub-scanning magnifications constant. The 
present embodiment makes more accurate correction 
feasible by changing the curvatures in the sagittal 
direction on either one side in the main scanning 

25 direction with respect to the optical axis so as to 
have the inflection point midway as in the state of 
change of the curvatures in the sagittal direction on 
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the light: source means 1 side in the incidence surface 
6bi of -the second fe lens 6b. 

This permits the present embodiment to keep the 
spot sizes of a plurality of beams in the sub- scanning 
5 direction constant irrespective of the scanning 

positions in the effective scanning area on the surface 
to be scanned 7 and to keep the line pitch intervals 
constant irrespective of the scanning positions on the 
surface to be scanned 7 during the optical scanning of 
10 the surface to be scanned 7 with the beams, thereby 
realizing the multi-beam optical scanning apparatus 
capable of always obtaining good images without pitch 
irregularity . 
[Embodiment 3] 

15 Described next is the multi-beam optical scanning 

apparatus in Embodiment 3 of the present invention. 

The present embodiment is different from above 
Embodiment 2 in that all the lens surfaces of the first 
and second f9 lenses 6a, 6b constituting the scanning 

20 optical means 6 are formed in the concave shape opposed 
to the optical deflector 5 and in that degrees of 
change in the curvatures in the sagittal direction are 
different. The other structure and optical action are 
substantially the same as in Embodiment 2, thereby 

25 achieving like effect. 

The optical layout of the scanning optical means 6 
and the aspherical coefficients of the first and second 
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f9 lenses 6a, 6b in the present embodiment are 
presented in Table 5 and Table 6, respectively. Fig. 
10 and Fig. 11 are diagrams to show how the curvatures 
in the sagittal direction change in each of the 
surfaces of the first and second fe lenses 6a, 6b, 
respectively, in the present embodiment. 
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Table 5 



LAYOUT OF OPTICAL SCANNING APPARATUS 


f9 COEFFICIENT (mm/rad) 


f9 COEFFICIENT | k | 109 


WAVELENGTH, REFRACTIVE INDEX 


WAVELENGTH USED 
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N2 
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SURFACE 6ai 


dl 


10.50 


LENS 6a INCIDENCE SURFACE 6ai - 
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LENS 6a EXIT SURFACE 6ao - LENS 
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In -the present embodiment the first fe lens 6a 
consists of a negative meniscus lens with a concave 
surface opposed to the polygon mirror 5 in the sub- 
scanning section and the second fe lens 6b consists of 
a positive meniscus lens with a concave surface opposed 
to the polygon mirror 5 in the sub-scanning section. 
This structure permits the sub-scanning magnification 
to be decreased to a small value even in the same 
positional layout. 

In the present embodiment the sub -scanning 
magnification |p s | =3.1. 

In the incidence surface 6ai of the first fe lens 
6a, the surface in the sub-scanning direction consists 
of a sagittal asymmetric change surface in which the 
curvatures in the sagittal direction change on an 
asymmetric basis in the main scanning direction with 
respect to the optical axis. 

Further, the magnitude relation among the 
curvatures in the sagittal direction is as follows. 

curvatures on the light source side > curvature on 
the optical axis = curvatures on the anti- source side 

Therefore, the surface is also a sagittal 
deformation surface in which the magnitude relation 
differs among the curvatures in the sagittal direction 
at the respective positions in the main scanning 
direction with respect to the optical axis. 

In the exit surface 6ao of the first fe lens 6a, 
the surface in the sub-scanning direction consists of a 
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sagi-fctal asymmetric change surface in which the 
curvatures in the sagittal direction change on an 
asymmetric basis in the main scanning direction with 
respect to the optical axis. 

Further, the magnitude relation among the 
curvatures in the sagittal direction is as follows. 

curvatures on the light source side > curvature on 
the optical axis > curvatures on the anti- source side 

Thus, the surface is also a sagittal deformation 
surface in which the magnitude relation differs among 
the curvatures in the sagittal direction at the 
respective positions in the main scanning direction 
with respect to the optical axis. 

In the incidence surface 6bi of the second fe lens 
6b, the surface in the sub- scanning direction consists 
of a sagittal asymmetric change surface in which the 
curvatures in the sagittal direction change on an 
asymmetric basis in the main scanning direction with 
respect to the optical axis and is also a sagittal 
deformation surface in which the curvatures in the 
sagittal direction gradually increase on the side of 
light source means 1 with respect to the optical axis 
but the curvatures in the sagittal direction first 
decrease to an inflection point midway and then 
gradually increase thereafter on the anti- source side. 

In the exit surface 6bo of the second fe lens 6b, 
the surface in the sub-scanning direction consists of a 
surface in which the curvatures in the sagittal 
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direction increase on a symmetric basis in the main 
scanning direction on either side of the optical axis. 

Fig. 12 is an aberration diagram to show the 
curvature of field in the sub-scanning direction and 
ratios of sub- scanning magnifications of the optical 
scanning apparatus in the present embodiment. 

In the present embodiment, similarly as in above 
Embodiment 2, a plurality of surfaces are used to 
effect such bending as to make the change in the 
curvatures in the sagittal direction inclined in the 
same direction, whereby the asymmetry of sub-scanning 
magnifications and the curvature of field in the sub- 
scanning direction can be corrected well simultaneously 
even in the case of the wide angles of view and the 
high sub-scanning magnifications. 

It is needless to mention that the configurations 
in above Embodiments 2, 3 can also be applied to the 
optical scanning apparatus using a single optical beam. 

Fig. 14 is a cross-sectional view of the principal 
part along the sub- scanning direction to show an 
embodiment of the image- forming apparatus of the 
present invention. In Fig. 14, numeral 104 designates 
the image- forming apparatus. This image- forming 
apparatus 104 accepts input of code data Dc from an 
external device 117 such as a personal computer or the 
like. This code data Dc is converted into image data 
(dot data) Di by a printer controller 111 in the 
apparatus. This image data Di is supplied to an 
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optical scanning unit 100 having the structure as 
described in either of Embodiments 1 to 3. This 
optical scanning unit 100 outputs an optical beam 103 
modulated according to the image data Di and this light 
beam 103 scans a photosensitive surface of 
photosensitive drum 101 in the main scanning direction. 

The photosensitive drum 101 as an electrostatic 
latent image carrier (photosensitive body) is rotated 
clockwise by a motor 115. With the rotation thereof, 
the photosensitive surface of the photosensitive drum 

101 moves in the sub-scanning direction perpendicular 
to the main scanning direction, relative to the light 
beam 103. Above the photosensitive drum 101, a 
charging roller 102 for uniformly charging the surface 
of the photosensitive drum 101 is disposed so as to 
contact the surface. Then the surface of the 
photosensitive drum 101 charged by the charging roller 

102 is exposed to the light beam 103 under scanning by 
the optical scanning unit 100. 

As described previously, the light beam 103 is 
modulated based on the image data Di and an 
electrostatic latent image is formed on the surface of 
the photosensitive drum 101 under irradiation with this 
light beam 103. This electrostatic latent image is 
developed into a toner image by a developing unit 107 
disposed so as to contact the photosensitive drum 101 
downstream in the rotating direction of the 
photosensitive drum 101 from the irradiation position 
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of the light beam 101. 

The toner image developed by the developing unit 
107 is transferred onto a sheet 112 being a transfer 
medium, by a transfer roller 108 opposed to the 
photosensitive drum 101 below the photosensitive drum 
101. Sheets 112 are stored in a sheet cassette 109 in 
front of (i.e., on the right side in Fig. 14) of the 
photosensitive drum 101, but sheet feed can also be 
implemented by hand feeding. A sheet feed roller 110 
is disposed at an end of the sheet cassette 109 and 
feeds each sheet 112 in the sheet cassette 109 into the 
conveyance path. 

The sheet 112 onto which the toner image unfixed 
was transferred as described above, is further 
transferred to a fixing unit located behind the 
photosensitive drum 101 (i.e., on the left side in Fig. 
14). The fixing unit is composed of a fixing roller 
113 having a fixing heater (not illustrated) inside and 
a pressing roller 114 disposed in press contact with 
the fixing roller 113 and heats while pressing the 
sheet 112 thus conveyed from the transfer part, in the 
nip part between the fixing roller 113 and the pressing 
roller 114 to fix the unfixed toner image on the sheet 
112. Sheet discharge rollers 116 are disposed further 
behind the fixing roller 113 to discharge the fixed 
sheet 112 to the outside of the image-forming 
apparatus. 

Although not illustrated in Fig. 14, the print 
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controller 111 also performs control of each section in 
the image- forming apparatus, including the motor 115, 
and control of the polygon motor etc. in the optical 
scanning unit described above, in addition to the 
5 conversion of data described above. 

Further, the present invention may also be applied 
to configurations in which sagittal asymmetric change 
surfaces are laid on four or more surfaces of lenses 
constituting the f9 lenses. 
10 In Embodiments 2, 3 the number of the light- 

emitting regions of the light source means was two, but 
the present invention can also be applied to a 
plurality of light-emitting regions not less than 
three . 

15 According to the present invention, the optical 

scanning means is constructed of a plurality of 
sagittal asymmetric change surfaces and the shape of 
each lens is properly set in the optical scanning 
apparatus in which light is incident at angles in the 

20 main scanning direction to the deflecting means as 

described previously, whereby good correction can be 
made for the asymmetry of the sub-scanning 
magnifications and the curvature of field in the sub- 
scanning direction occurring in the case wherein the 

25 deflecting means is the rotary polygon mirror. This 
can accomplish the compact, high-definition, optical 
scanning apparatus capable of keeping the spot size 
uniform in the sub- scanning direction throughout the 
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entire, effective scanning area on the surface to be 
scanned . 

According to the present invention, the scanning 
optical means is constructed of a plurality of sagittal 
5 asymmetric change surfaces and the shape of each lens 
is properly set in the multi-beam optical scanning 
apparatus as described above, whereby the invention can 
accomplish the compact, high-definition, multi-beam 
optical scanning apparatus without pitch irregularity 
10 capable of keeping the line pitch intervals in the sub- 
scanning direction constant throughout the entire, 
effective scanning area. 
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WHAT IS CLAIMED IS: 

1. An optical scanning apparatus comprising 
entrance optical means for guiding light emitted from 
light source means, to deflecting means, and scanning 
5 optical means for focusing the light reflectively 

deflected by the deflecting means, on a surface to be 
scanned, 

wherein the scanning optical means comprises a 
plurality of sagittal asymmetric change surfaces in 
10 which curvatures in the sagittal direction change on an 
asymmetric basis in the meridional direction with 
respect to the optical axis of the scanning optical 
means . 

15 2. The optical scanning apparatus according to 

Claim 1, wherein said sagittal asymmetric change 
surfaces comprise two or more sagittal modification 
surfaces in which magnitude relation differs among 
curvatures in the sagittal direction at respective 

20 positions in the meridional direction with respect to 
the optical axis. 

3. The optical scanning apparatus according to 
Claim 2, wherein said sagittal deformation surfaces 
25 comprise two or more surfaces in which the curvatures 
in the sagittal direction at the respective positions 
in the meridional direction with respect to the optical 
axis become large or small on the same side. 
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4 . The optical scanning apparatus according to 
Claim 2, wherein in at least one surface of said 
sagittal deformation surfaces the curvatures in the 
sagittal direction become large on the side of said 
5 light source means with respect to the optical axis. 



5 . The optical scanning apparatus according to 
Claim 1, wherein in at least one surface of said 
sagittal asymmetric change surfaces the curvatures in 
10 the sagittal direction have an inflection point only on 
one side in the meridional direction with respect to 
the optical axis . 



6 . The optical scanning apparatus according to 
15 Claim 1, wherein said scanning optical means comprises 
a plurality of fe lenses, an f0 lens located closest to 
the deflecting means out of said plurality of f9 lenses 
has a negative, refractive power in the sub-scanning 
direction, and an f9 lens located closest to the 
20 surface to be scanned has a positive, refractive power 
in the sub-scanning direction. 



7 . The optical scanning apparatus according to 
Claim 6, wherein all lens surfaces of said plurality of 
25 f0 lenses are formed in a concave shape opposed to said 
deflecting means. 



8. The optical scanning apparatus according to 
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Claim 1, wherein the following condition is satisfied: 
k/W < 0.6 

where k is an f9 coefficient of said scanning 
optical means and W an effective scanning width on said 
5 surface to be scanned. 



9 . The optical scanning apparatus according to 
Claim 1, wherein the following condition is satisfied: 
I 0.1 ^2 

10 where |3 S is a lateral magnification in the sub- 

scanning direction of said scanning optical means. 



10. A multi-beam optical scanning apparatus 
comprising light source means having a plurality of 

15 light-emitting regions, entrance optical means for 
guiding a plurality of beams emitted from the light 
source means, to deflecting means, and scanning optical 
means for focusing the plurality of beams reflectively 
deflected by the deflecting means, on a surface to be 

20 scanned, 

wherein said scanning optical means comprises a 
plurality of sagittal asymmetric change surfaces in 
which curvatures in the sagittal direction change on an 
asymmetric basis in the meridional direction with 

25 respect to the optical axis of the scanning optical 
means . 



11. The multi-beam optical scanning apparatus 
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according to Claim 10, wherein said sagittal asymmetric 
change surfaces comprise two or more sagittal 
modification surfaces in which magnitude relation 
differs among curvatures in the sagittal direction at 
5 respective positions in the meridional direction with 
respect to the optical axis. 

12 . The multi-beam optical scanning apparatus 
according to Claim 11, wherein said sagittal 

10 deformation surfaces comprise two or more surfaces in 
which the curvatures in the sagittal direction at the 
respective positions in the meridional direction with 
respect to the optical axis become large or small on 
the same side . 

15 

13 . The multi-beam optical scanning apparatus 
according to Claim 11, wherein in at least one surface 
of said sagittal deformation surfaces the curvatures in 
the sagittal direction become large on the side of said 

20 light source means with respect to the optical axis. 

14. The multi-beam optical scanning apparatus 
according to Claim 10, wherein in at least one surface 
of said sagittal asymmetric change surfaces the 

25 curvatures in the sagittal direction have an inflection 
point only on one side in the meridional direction with 
respect to the optical axis. 
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15. The multi-beam optical scanning apparatus 
according to Claim 10, wherein said scanning optical 
means comprises a plurality of fG lenses, an f9 lens 
located closest to the deflecting means out of said 
5 plurality of fG lenses has a negative, refractive power 
in the sub-scanning direction, and an fG lens located 
closest to the surface to be scanned has a positive, 
refractive power in the sub- scanning direction. 

10 16. The multi-beam optical scanning apparatus 

according to Claim 15, wherein all lens surfaces of 
said plurality of fG lenses are formed in a concave 
shape opposed to said deflecting means. 

15 17. The multi-beam optical scanning apparatus 

according to Claim 10, wherein the following condition 
is satisfied: 
k/W < 0.6 

where k is an fG coefficient of said scanning 
20 optical means and W an effective scanning width on said 
surface to be scanned. 

18. The multi-beam optical scanning apparatus 
according to Claim 10, wherein the following condition 
25 is satisfied: 
I P.I ^2 

where (3 S is a lateral magnification in the sub- 
scanning direction of said scanning optical means. 
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19. An image- forming apparatus comprising the 
scanning optical apparatus as set forth in either one 
of Claims 1 to 18, a photosensitive body located at 
said surface to be scanned, a developing unit for 
5 developing an electrostatic, latent image formed on 

said photosensitive body with the light under scan by 
said scanning optical apparatus, into a toner image, a 
transfer unit for transferring said developed toner 
image onto a transfer medium, and a fixing unit for 
10 fixing the transferred toner image on the transfer 
medium. 



20. An image-forming apparatus comprising the 
scanning optical apparatus as set forth in either one 
15 of Claims 1 to 18, and a printer controller for 

converting code data supplied from an external device, 
into an image signal and supplying the image signal to 
said scanning optical apparatus. 
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ABSTRACT OF THE DISCLOSURE 

Provided are compact, high-definition, optical 
scanning apparatus and multi-beam scanning apparatus 
capable of keeping the spot size uniform in the sub- 
5 scanning direction throughout the entire, effective 

scanning area on a surface to be scanned. An optical 
scanning apparatus has an entrance optical system 11 
for guiding light emitted from a light source 1, to a 
deflector 5, and a scanning optical system 6 for 

10 focusing the light reflectively deflected by the 
deflector, on a surface to be scanned 7. In the 
optical scanning apparatus, the scanning optical system 
has a plurality of sagittal asymmetric change surfaces 
in which curvatures in the sagittal direction change on 

15 an asymmetric basis in the meridional direction with 
respect to the optical axis of the scanning optical 
system. 
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